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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent leakage of light 
of a gallium nitride compound semiconductor laser 
element by providing a clad layer of a sub-mount or the 
like at an opposite side to a mounting surface via an 
active layer in a laminated structure, and a light 
absorption layer having a smaller band gap than that of 
the active layer at an arbitrary site between the 
mounting surfaces. 

SOLUTION: A semiconductor laminated structure 100 is 
provided on a low resistance n-type substrate 1 . In the 
structure 100. an n-type GaN buffer layer 2. an n-type 
AIGaN clad layer 3, a non-doped InGaN active layer 14. 
an Mg- doped AIGaN clad layer 5. a p-type InGaN light 
absorption layer 1 7 having a smaller band gap than that 
of the layer 14 and a p^pe GaN contact layer 9 are 
sequentially laminated from a side near the substrate 1 . 
Further, a p-type side electrode 10 is formed on an 
upper surface of the layer 9. and an n-type side 
electrode 1 1 is formed on a rear surface of the 
substrate 1. Thus, leakage of a light from the gallium nitride compound semiconductor laser 
element can be prevented. 
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[00 4 1] J-XTfc, He (a) ~ (f) ^pmvrjii)^ 

Ji0lin?ffllr^fc€,©i:|pl«l<DMOC VDj^JCioT. 1 
iHl S ©l^B^BfiJtS^ff o fci6, (gStaO n §J G a N S« 2 
l«r^a^N©MOC VDSS©-9-by^±tcgBgL, » 
«iaS^ 1 0 0 OrgJttST^SL/i:^. n^G a N 
S«2 1(D±li:. nSGaN-'^«y77e2*fiKfi?-B- 
5o ^-O'^, S«igjS*8 0 0-8 5 OtSittKS 
n3yino.34 Gaa» NTtSiUX^S 6^}g^L. 
20 St/SftSie* 1 0 0 0 lCigJt*T'#}aLfcm, 

n^Alo., Gao.9 N y K« 3 ^^fi^-yrSo ^-5 
fttcBt?, SSraS^S 0 0-8 5 OtigjatilKrUL. 
y>K-:/'lno:« Gao.70 NrS14/i3 4%Jg^-r5o 
^O^. WSMSUil OOO^jgiSST-maL/S:^. M 
gK-:/Alo.i Gao.9 n^'yvYM^^B^ir^o '-k 
tfftf. SfiiSM^rS 0 0-8 5 O^CigfitPlfigL. M 
gY-Zflno.^ Gacco N)tiRi|XM3 7*j5)tSS-B: 
S» CoLT. ^6 (a) {C^s-r«jSA^t#P.n§o 

[0 0 4 2] -i;u ±M=e*Wi*;i<D%i/isnfc» 
^-i-g^fiJciioT. 06 (b) tc*-rj:^^vxi' 1 2 

*Mg K-yi nn..4 Gan» Nt^^IR^ 3 7 ±{i:>gfig 
T**oTt.J:<. tfc. SlOx^f'SlNx (xttl*^ 

*oTfej;i<>„ vx^3 2a. xh^-ry^^wFwipgsi 

3«:WLTl^5o 

[0 0 4 3] ;^C{C, H^^xy^>yS^R(Cj;oT. 0 
6 (c) tCT^SnSi^fC^ MgH-yi nu:« Ga 
40 0,66 N7l£?fti|Xe3 7tD9-5x 1 2Tat)nTI.^* 

l/^aS^J'^-giRWtX-y^V^J^'-rSo Mg K-^A 
G a 0.9 N ^ V -y 5 (OStB^^HtB LfcBf ifT\ X -y 

^>^^^xh-y:/$-a-5o ±!Bx-y^yy{i, mtf. 

<Dt^. 06 (d) tC.^L/'ci:t5'3. jl^^X-y^-v^ 

tCicTVX^ 1 2^l^4-r5o 
[0 0 4 4] ^(O^, 2(HlS<D!K^filtfi (SfigS) tOfc 

50 L. atSrSia^l 00 0°CSJS$T'#rSL/c:m. plG 
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OCVD^mi}^^mK)tiiLrzik. N^UHmr-s 800 

^pmcmts^^o c(DVk. 06 (f) ic^-Tct^ 

p'?iGaN3>^>/h/e59±tp®JVg«l»l O^Jgfilt 
^g«tn[ n g« G a N>$« 2 1 ©i8lfflf<: n ffliM^S 1 1 * 

[0 0 4 5] i^a, *3|$StfiJTii. ngyc a N>'^-y7 7)i 
Z^JJ^i^O. 9;imi:Lfc*^ 0. b-AiimUmX' 
ibtHi^\<\ 0. 5 /imJ:»3?il/>i:. ^^n^'CaN-'*? lo 

U.I Ga«9 N^7>y Kli3i:Mg K-:/A lu. Ga 
a. N^^ y KSSOlPaii^O. 9/tmi:Lfc*^ 0. 
7~l MHiSiST^fentfii/^ 0. 7 /imJ:»)»t>i:jS 

JpV^t. ISA 1 0.1 Gao9 N^'^y K«ffti:^7<y^' 
*'5|64-r5fel^14!t)^a<*5o S/ix ngyino>< Ga 
ace N^%iK€3 6^p^I 111134 Ga<>.«> N^^i^lCZM 20 
3 7<Dj?*^**n^n0. l/imtLfcTb^ 0. 0 5- 
0. 5 /tin8ifT-fent±',tl/\ 0. 0 5 /tmJ:Dfm>i: 
)tKiR05aj«*<+5^T*{4*<. 0. 5/imi»)»t>t, 

fCti^^fSo Sfc. y>K-7"l no.» Gao.™ NStt 
S3 40ji** 1 5 0 Ai:Lfc*\ 3 0~8 0 0AigS 
■eSntf .kl/^o 3 0 A<t t)}il/^i:)t©P^ i:aii6*<:^+^J- 
iiftO. 8 00AJ:0»i^i:. Lti^«jsSSS(Oti:A:^r 
«Ko Sfc. p«JG aNa>^i^hli9Oi!^**0. 9 
Minfctfcft^ 0. 1-1 /iingfiT'a6ntf<kt/V 0. 30 
1 /im.ttJflfi^i: piJIKSl Qtnziy^^vmm-f 
^fcT*^^-r. 1 /imJ:»JSt^t. a^pSG a Nn> 

[0 0 4 6] J.X±, ll5g^J3T'«. ?i14/■^S^^T^ -9- 

[00 4 7] mmm 4)04 ^#saL^*^e.. *fg^ 

1 ±li:iSttP,n/-c^t^«i*«S^ji4 0 0 i:. nm^'Z^ 
(±> ttsi iffiij-efe-So 

[0 0 4 8] Ji^TlC, iii^f*ttSmjg4 0 0£D^fi)c^iJi 

(if$l. 0/iin) 2x nS^Gao.6.5 AKoa. In 
a«7 N31£«Rl|Xg (i¥*0. 2;im) 46. nSA K, 50 
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G ao.» N^7<y KS (9$ 1 m) 3. y^H-:/! 
nca Gao.,, NffittS (J?$2 50 A) 4 4, pS^A 
lo., Gao.. N-f^-yKg (IP^ljtm) 5, p^Ga 
0.6,5 Alo.™ I no«7 N^CRIRS (l¥$0. 2 /i 
m) 4 7, feiQ'p^G a N3>:5f^ hj« (l?:^ 1 . 0 
tim) 9*-cf^T'^>5„ 

[0 0 4 9] C dT', n'SC a,,..., A 1 1 n 
0.M7 N7t®»Ra4 6Rt>*PgyG a«.M.s Alo..™ In 

[0 0 5 0] p§yG a N3>^^ h®9<D±ffilC(ipfilJ 
1 0*^)gfig$tl, S« 1 OSffitti nfiWffi 1 1 *^ 
Jgfig^nTI/^So CCT-pffllMffil 0(4^ji^«ffiT** 
Ox^^tgPit), P§yGao.6,5 A 10.03. I n«.«, N 
mi'^m 4 7 Jc^tt fc^x h ^ ^ 0 , p 

^±lCji?.>gTffiS^nTl/^So nS^GaAl I 

nN7t9!iiiXS6lcSttfcXhv-r:/4^cDF»TOg|5«. 
gPiO. gXhv-i'^ttcDtSllE^iit), n^GaN/Vy 
7rS2, nSGaNS«2 1*ST, ■7'>>hST'S 
WL, $fc, nSGaNafi2K nSGaN/^-y^T 
B2*iST, n3yGao.6,s A 1 com 1 no.«7 Him. 

[0 0 5 1] ^mn-^o:>m.m.m^®m'hn.m i ostf i 
n<:«EA^^K.€,n, ^t^wt!i^««ii{*4oo<Dct>;grp 
mmm i o n num^ 1 1 ^tWTimm.n!s>o c o 

pgaAla. Gao.9 H^'y-J^m^h. pSIiGaN 
=i>^r^ hi^g i:{C$l5Snfcp{HG ao.o,. Alo.™ I 
nasi, NJteMg 4 7 {4, ^ O/^ V K4^+ -y T'A^SIS 

P^Ga afiis A 1 o a-w I nii.3J7 N31£%AR®4 7 lex 

Lrrittii^ftA^nSo ISjailc, n§yG a N/^-y^r 
m2t^ ngUAU., Gao.., N i''7>y KB3 i:tcS|gn 
fcn^G 30.015 Alo.(B» I no.jn N7t95iR®4 6 
fi, ^©/^> F+> -y T'A^SItB'O^nJ: fc'jN^t^fc 

•5 **)i^J<0 J; 9 IC, SS n S G a o.o,i A 1 o.o» 
1 no.;m N7tiiiR®4 6lCX-h5'l'7"tttO§TlPa5;grK 
ltTfclt(4\ «?{4r^Pg|5*iiLTg14e'\ttA$n 
So :Si;fc?S14Jl©^7t{i, ±T©^'^-y KSff^tt- 

M^tlTV^Tfe. p§yGa«.o,s Alo.o« I no.:«, N 
7l£95'RB4 7SJf n^G aao,. A 1 o.™™ 1 no.:«, N 
7tMB4 6A\ g't4liO±Tlc^n^ngBB$nT0^ 
5/c:i6tc, ±7t^-rnc0^7-y K«lC!ini±Jfc7tt. iS 
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[0 0 5 2] J^Tt. 07 (a) ~ (h) ^^mLfjii^ 
mm 1 T-fflt^fctOiiriltlOMOC VDjilCj;oT> 1 

tKras* 1 0 0 o'cmmics^x-muLfc'^. nmc a n lo 
5o ^<om. a«ias*8oo~8 5ot:iggti^ia 

n^Gaaeu A Km I na»T N^Qii{S{S46 

[0 0 5 3] -fl, ±te*«{*a®i«s$n/'cS 

7^tS.m (Stfx>y^>yftffi) liTioT. 07 (b) 
tC^-Ti^^S iOx (x{il*^6 2gjSfcDSS() -TX 
^12^n^Caa6» Alom I n 0.347 N^QRlKS 20 
46±lcBl&-t^o CCDTX^ 1 2a. 

y*?*BfcJ:oT, a? (c) lC7rs-£n?>io\c. j\mG 
ao.6is A 1 0.038 1 no.:M7 N tIc^iR® 4 6 <0 "^x V 
X^l 2T'at>tlTl/^^l^g|?^^jlJ^W{CXy^>^-r 

6J5 A 1 0.038 I n 0.347 N 7l£®4XH 4 6 

A^l^55^n. n^GaN/^y7r^23b^SmLfcftA5 

c \zrf<Dii7.^m\^^rcR i EftioTtTton 

n45o CKD^. 07 (d) \Z7n\^fztt5*) . iimx-y 30 

[0 0 5 4] ^<D^, 2Is]S©|gB^Bfi)tft (»^S) 
S«SjS«rl OOOrSJg$T'mSL/cm, n^A 

tf. »«ras*8 0 0~8 5 0t:emcl^SL. y>K 

-T"! nu.» Gao.7, rS'ttS 4 4 ^ffMTSo ^OtS. 

asias^: 1 0 0 o-Tcgss-r-ffSL/cti. Mg k-t" 

Alo.. Gaa9 N^^-y HS5*JBfi)t-r5o 40 
S«SJt* 8 0 0-850 tigSt f^S M g K--/ 
Gao.5,i Alo.o» I n 0.347 N^iStlXS4 7^fiStfi;J 
C^LX. 07 (e) tC^f^iiAHfenSo 

[0 0 5 5] nts.. ±.u^mwm<oimf£nrcm 

tgl*^ftS*»5)^0mLfcft. ^fexE<DngyGao.r.,. 
Alo.<.«. I n 0,34, nmL^AQ\LMLXmkLrz^ 

-^tmmn^ il«c»7 * h u y 7 >r SffiSt^x -y ^ 

^^SiJBtCioT, 07 (f) \Z7nLrzm^. MgH- 
7Ga o f.ib A 1 0.038 1 ri 0.317 N7t®4XM4 7ti-59Q 
gP^ISlti)^ 50 
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[0 0 5 6] ^(D'ik. 2.m^<Dt^^HfS.m (MjiiSd ®fc 

SCf, a«5l*MOCVDSS«-9--try^'±{c-t-y 
hU »1SSg*l 0 0 0iceiSt*T'#igtfc^. 07 
(g) ^c,T^L/^:ii^). Mg K-7G a Nn^^^ hgg 

ajt}ttitfc^. nz-4m%.x\ 8oo^(d^tx-»j:/ 

5o C£Df^, 07 (h) tC7j;-r±'9lC, pSGaNn^ 

[0 0 5 7] i^. ^%mm^xtm\.tz^m<Dwyi-^i. 
[0 0 5 8] j.x±. ii)ss<?y i-AKmx^^rcmom^t. 

G a A 1 I nNT'feofcAV ^-^ffi, G a I n A s P. 
A 1 G a I n Asl|©nS:M 1 I -VSe^Wt*. C d Z 
e S S eUcDnSl I -V I)K¥#«:> *Sl.^«S 1 
G eT-feoTt. ^■©/^>K*-V"y7'A<Sttg<kD't>'h 

[0 0 5 9] *fc, USS^IJK 3, Stf4tCffll^fc3ti» 
[0 0 6 0] Sfc. miRS^Eg-rSteBtt, ^V 'J 

[0 0 6 1] $fc. ^wnKm^m{\:i3')^hmt^ 

<Dtc3ii)$f)5nSt>OT{i*l\ fiP^. 6H-S 1 C^G 

aNtt. C^iJ^lf. -^-^r-YT, ZnO, G a N. Mg 
Ali04. GaAs, LlAlOz, LiGa02^if^> 

[0 0 6 2] Sfc. iS««5i«:©Jg^;^ffitUTtt, « 
«^«^fflfi!cfi}* (MOCVD) a^rffll^fc*^ ^<Dfte 
©/^^©JtaifiicS^. ^ij;ttfM B Eri^H V P E^^ifT- 

[0 0 6 3] 

'So 
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[02] :^^m\cxi^it^v^L,mt^^mi^^^ 

[0 4] %5m\^^^mA'cmt)UM'c^^mmm 
[0 5] (a) A>e> (f) a, m2(omitijV'>i.mt 

[06] (a) (f) a, 03<DM{tA*U'i'i:»l^^k 
[07] (a) (h) {±. m4(omtiiV'yi^%it 

So 

[08] Vt^<Dmit^V^L.Jkit^mW]y-^(Dm 
[09] Se^fecD^fk;? U •> Alg<t^i{i#i* Ix— If^&S^ 
[0 1 0 ] 0 9 (Ct^ L rcUMnmit^ U -^7 LJkit^^^ 
•rii:l;0T'fe5o 

[01 1] 01 0(D{a]<. iie^^S^tA'U-J^Ai^^t^ 
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11 (a) (i. t^h'^^^-¥^±mf}'^^rz^'^. m 

1 1 (b) t±/*h^'l'5l--K*«aA^P.Mfcli^*,T^ 

m'g:0-e3&5o 

1 faStan«l6H-S i CJjIS 
2,22b n't'^G a N/^y:77/i 
3,2 3 nSiA 1 G a Ni'^-v HS 
5,2 8 pSiA 1 G a N^^^-y K« 
10 9, 59 p^GaN3>^^Mi 

1 0 pffijms 

1 1 niyVffi 

1 2 x-y^yif-rx^ 

1 3 X<y^>^?*-7X^cDr^Pa5 
1 4, 2 4, 3 4, 4 4 / >' K--/ I n G a NStt» 

1 7. 3 7, 4 7 pmCaM I nH^f&iUm 

2 1 {S»liin^GaNS« 
2 6, 3 6, 4 6 nmc a A 1 I nN7l6®lKS 

4 5 nSG aN«i3iiPI±a 
20 4 6 3C-S i CSS 

5 0 ^mwu-^m^ 

5 1 ^h^'T^-H 

5 3 ^mwu-^m'^n^m 

5 4 A s^^AoLfcG a Nf^Tt® 
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